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INTRODUCTION 


Much  of  the  nondestruct  ive  test  (NOT)  work  at  Picatin.oy  \rsenil  involves 
ultrasonic  testing  under  water.  A  corrosion  inhibitor  is  dissolved  in  the 
holding  tank  water  to  protect  all  the  metal  In  the  tank  structure  as  well  us  any 
metal  placed  within.  In  question  is  the  proper  concent  rat  loo  of  corrosion 
Inhibitor  to  provide  complete  protection  of  all  immersed  metal.  At  times  tech¬ 
nicians  have  thrown  in  a  handful  or  half  a  cup  of  corrosion  Inhibitor  without 
bothering  to  figure  out  the  proper  amount.  The  purpose  of  this  report  Is  to 
evaluate  the  effectiveness  of  two  common  corrosion  inhibitors,  sod 1 um  nitrite  and 
sordini  silicate,  and  to  determine  minimnn  concent r at  ions  of  eao  1  in  distilled 
water  for  complete  protection  of  immersed  steel  and  alum!  im. 


TEST  DESIGN 

Metals 

Since  most  of  the  materials  placed  Into  our  iltrasoni-'  tesr  i  nil  are  hi.'h 
strength  steel  and  high  strength  aluminum,  these  are  the  two  met  t '  s  t  >  he  eva '  - 
uated  for  corrosion  protection.  However,  the  shape  the  let  d  si  pies  shell  i  he 
in  is  a  problem.  Invest  igat  ion  revealed  that  ste*l  wo)l  Is  an  e«.ce  I  lent  nat  -  t  i  il 

for  revealing  corrosion.  It  was  decided  to  insert  a  good  s i r.  •  tut'  it  steel  w-»  1 1 

into  t  S-oz  plastic  cup  about  three  quarters  full  >t  water  t  o  a  period  it  I 

days.  About  three  quart  -rs  >1  the  steel  w>ol  was  submerged  .  i  -it  •  r  wi  t  h  t  iie 

remaining  quarter  above  the  water  surtace, 

treating  an  a  I  urn  l  num  sump  1  <•  w  t  s  i  »r  ••  -lit*  tcol  t  .  Ai  urn  «  in  i  *  >  i  v  a  s  tried  h-.t 
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Corrosion  Inhibitors 
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Concenc radon  In  Distilled  Water 

It  was  decided  to  measure  by  cubic  centimeters  both  the  corrosion  Inhibitors 
and  distilled  water.  In  this  way,  mixing  various  concentrations  will  be 
simple.  It  was  also  planned  to  start  with  a  maximum  concentration  of  0.01,  that 
is,  one  volime  of  corrosion  Inhibitor  dissolved  in  100  volumes  of  distilled 
water.  Concentrations  decreased  In  equal  steps  starting  from  0.01  to  0.005, 
0.001,  0.0005,  0.0001,  0.00005,  and  finally  0.00001. 

To  obtain  one  unit  volume  of  silicon  dioxide  (this  is  the  active  corrosion 
inhibitor  In  sodiun  silicate),  six  volumes  of  liquid  sodiim  silicate  (water 
glass)  grade  40  are  required.  The  composition  of  liquid  sodium  silicate  is 
listed  in  table  1.  Solid  silicon  dioxide  (pure  sand)  is  an  abrasive;  however, 
when  molecularly  combined  with  sodium  oxide,  It  becomes  water  soluable  and  is  an 
excel  lent  corrosion  Inhibitor. 


Findings 

Ml  of  t  i.>  corrosion  inhibitor  data  are  listed  in  table  2.  Many  of  the 
r  'sts  w*re  repeated  twice.  The  following  results  were  obtained: 

1.  Seme  >;  '•  corrision  inhibitors  were  effective  at  very  dilute  oun¬ 

ce  it  r  it  i  >o. 

N"  cur'  >si  in  tool  j >  1  ice  *>n  steel  wool  that  rose  above  the  level  of 
vit'-r  cent. tin,  !•>  c  erosion  inhibitors.  On  some  of  the  strands  of  steel  wool, 
•'it  I  ,  It  i  t  '  S  it  V  I  '  •  were  evident. 


CALCULATION  FOR  THF.  AMOUNT  OF 
CORROSION  INHIBITOR  NF.F.DKD 
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0.00050  silicon  dioxide 
t  =  0.00050  (768)  6  g 

For  example:  For  30  gallons  of  water,  t  =  0.00050  (768)  6  (30)  =  69.1 
teaspoons  or  1.4  cups  of  sodium  silicate. 


Protecting  Aluaimai 

0.00001  sodium  nitrite 
t  =  0.00001  (768)  g 

For  example:  For  30  gallons  of  water,  t  =  0.00001  (768)  30  =  0.2  teaspoon  of 
sodium  nitrite. 

0.0000 l  silicon  dioxide 
l  =  0.00001  (768)  6  g 

For  example:  for  30  gallons  of  water,  t  =  0.00001  (7b8)  6  (30)  =  1.4 
teaspoons  of  sodium  silicate. 


EFPECT  UPON  THE  SPEED  OP  SOUND 

Additives  to  distllLed  water  can  affect  the  speed  of  sound.  A  measuring 
cylinder  graduated  to  25  cm3  was  used  to  hold  either  distilled  water  or  corrosion 
inhibiting  solutions,  and  the  time  was  measured  for  an  ultrasound,  pulse  to  pass 
down  through  the  liquid  and  bounce  back  up.  The  total  distance  of  passage  was 
37.5  cm  (14,8  inches').  The  estimate  for  error  is  0.001.  Time  measurements  were 
made  on  a  cathode  ray  tube  screen  using  distilled  water  for  Lhe  calibration 
checks  befire  and  after  each  of  the  two  tests: 


1. i  quid  Time,  cm 

Distilled  water  10.00 

'.f'l  sodium  nitrite  solution  10.00 

Di s t i 1 1 ed  wa t er  10.00 

o.On  sodium  si  1  irate  solution  9.95 

Di still ed  water  1 0.00 


The  concent  rat  ions  of  both  corrosion  inhibitors  were  the  maximum  that  were 
tried.  Sodiiin  nitrite  had  no  affect  on  the  speed  of  sound.  Sodiirn  silicate 
permitted  the  speed  ot  sound  to  increase  by  1  f2  of  1  i .  Since  This  increase  in 
speed  is  probably  a  linear  function,  a  concentration  of  O. 00001  (as  compared 

to  o.  M),  the  increase  in  the  speed  if  sound  should  he  a  negligible  0.0005:4.  To 
veritv  this,  t he  following  d  ita  were  obtained: 


Distilled  water 


10.00 


0.00006  sodium  silicate  solution  10.00 

Distilled  water  10.00 

It  was  observed  that  substantial  ultrasonic  noise  appeared  with  the  presence 
of  either  corrosion  Inhibitor.  This  Is  the  sacrifice  In  ultrasonic  stgnal-to- 
nolse  ratio  when  either  corrosion  Inhibitor  Is  used.  However,  In  actual  use, 
dilute  concentrations  of  corrosion  Inhibitor  should  cause  little  Impact  upon  the 
ultrasonic  slgnal-to-nolse  ratio. 

COST  CALCULATIONS 

If  purchased  In  55  gallon  drum  quantities,  the  basic  cost  of  granular  sodium 
nitrite  Is  about  $25  per  gallon;  whereas,  liquid  sodium  silicate  costs  about  $2 
per  gallon.  However,  Grade  40  degrees  sodium  silicate  contains  only  1/6  silicon 
dioxide  by  volume;  therefore,  silicon  dioxide  costs  about  $12  per  gallon  (  6  x 
2). 3 

Protecting  steel  submerged  in  100  gallons  of  water: 

Sodium  nitrite,  (0.00005)  $25  (100  gallons)  =  134 
Silicon  dioxide,  (0.0005)  $12  (100  gallons)  =  604 

Protecting  7075-T6  aluminum  submerged  in  100  gallons  of  water: 

Sodium  nitrite,  (0.00001)  $25  (100  gallons)  -  34 
Silicon  dioxide,  (0.00001)  $12  (100  gallons)  =  l4 

CONCLUSIONS 

1.  Both  sod i **1  nitrite  and  silicon  dioxide  (the  active  ingredient  of  sodium 
•silicate)  are  very  effective  in  preventing  corrosion  of  steel  and  high  strength 
il  minim  illov  '*7>)75-T6  while  immersed  in  water  for  three  days.  Minimum  concen¬ 
trations  of  each  corrosion  inhibitor  for  complete  protection  and  the  cost  of  each 
in  I'M  gallons  if  wtter  are: 


'aII  money  in  this  report  is  in  KY87  dollars. 


Portion  in  water 
by  volume 


Cost  in  100  gal 
of  water  (?) 


Sod  i  urn 

Silicon 

Sod  i  urn 

Si  1  icon 

Metal 

nitrite 

dioxide 

nitrite 

dioxide 

Steel  wool 

0.00005 

0.00050 

0.12 

0.60 

7075-T6 

0.00001 

0.00001 

0.03 

0.01 

al  uininum 

The  presence 

of  either 

corrosion  inhibitor  at 

tlie  minimum 

recommended 

ra  tes 


has  no  significant  impact  on  the  speed  of  sound  through  the  solution. 


3.  An  attractive  bronze  coating  can  he  obtained  over  bare  aluminum  by  soaking  in 
a  1%  sodium  nitrite  solution  (by  volune)  for  three  days. 
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Table  1.  Composition  of  liquid  sodium  silicate,  grade  40* 


Sodium  oxide 
(Na20) 

Silicon  dioxide 

(sio2) 

Water 

(h2o) 

Portion  by  weight 

0.091 

0.292 

0.617 

Specific  gravity 

2.27 

2.32 

1.0 

Portion  by  volume 

0.05 

0.16 

0.79 

*  Grades  of  Diamond  Liquid  Sodium  Silicates,"  Diamond  Shamrock  Chemicals  Co 
Technical  Bulletin,  Painesville,  OH,  1985. 


Portion  by  volume 
of  inhibitor  in  water 


Table  2.  Effect  of  two  inhibitors  on  the  corrosion  of  steel  and  alumin 
Sodium  nitrite  (NaNO?)  Silicon  dioxide  (SiO 


Steel  Wool 


0.01 

No  corrosion 

No  corrosion 

0.005 

No  corrosion 

No  corrosion 

0.001 

No  corrosion 

No  corrosion 

0.0005 

No  corrosion 

No  corrosion 

0.0001 

No  corrosion 

Localized  dark 

of  surface 

0.00005 

No  corrosion 

Localized  dark 

of  surface 

0.00001 

Slight  rusting 

Localized  rust 

about  0.01%  of 

0.00000 

Mostly  amber  but 

some  black  rust  covering  100  percent  of  the  steel 

(pure  water) 

Aluminum  alloy  7075-T6  chips  \ 

s 

No  corrosion,  microscopic  patches  of  bronze  color  No  corrosion 
covering  half  the  surface;  overall  appearance  is 
a  silvery  bronze 


0.005 

No 

corrosion , 

lighter  bronzing  color  than  above 

No 

corrosion 

0.001 

No 

corrosion. 

barely  perceptible  bronzing 

No 

corrosion 

0.005 

No 

corrosion , 

barely  perceptible  bronzing 

No 

corrosion 

0.0001 

No 

corrosion , 

barely  perceptible  bronzing 

No 

corrosion 

0.C0005 

No 

corrosion , 

no  bronzing 

No 

corrosion 

0.00001 

No 

corrosion , 

no  bronzing 

No 

corrosion 

0.00000 
(pure  water) 

Corrosion  consists  of  considerable  hydroxide  gel 

plus 

many  black 

AV.V 


rrosion  of  steel  and  aluminum  while  immersed  in  water  for  three  days 


Silicon  .dioxide  (SiC^) 


Steel  Wool 


percent  of  the  steel  wool  surface 
lluminum  alloy  7075-T6  chips 


No  corrosion 
No  corrosion 
No  corrosion 
No  corrosion 


Localized  dark  brown  rust  over  about  0.25% 
of  surface 


Localized  dark  brown  rust  over  about  0.25% 
of  surface 


Localized  rust  near  surface  of  water  covering 
about  0.01%  of  surface 


ts 


Combined  equal  portions  of 
sodium  nitrite  +  silicon  dioxide 


No  corrosion 
No  corrosion 
No  corrosion 
No  corrosion 


Two  localized  rust  spots  just 
beginning 


Very,  very  light  rust  covering 
100%  of  surface 


Very  light  rusting  covering 
100%  of  surface 


No 

corrosion 

No 

corrosion , 

no 

bronzing 

No 

corrosion 

No 

corrosion 

No 

corrosion 

No 

corrosion. 

no 

bronzing 

No 

corrosion 

No 

corrosion , 

no 

bronzing 

No 

corrosion 

No 

corros ion , 

no 

bronzing 

No 

corros ion 

No 

corrosion , 

no 

bronzing 

No 

corrosion 

No 

corrosion , 

no 

bronzing 

el  plus  many  black  spots  covering  the  rough  surface,  bright  surface  unscathed 
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ATTN:  AMSMC-GCL  (D) 

AMSMC-QAA  ( D) 

AMSMC-QAF  (0) 

AMSMC-OAH  (0) 

AMSMC-QAN  (0) 

AMSMC-QAR  ( D) 

AMSMC-OAT  (0) 

AMSMC-QAU  ( D) 

Pleat  innv  Arsenal,  N!  1)7806-5000 
Ad  hi  i  n  i  s  t  ra  t  or 

Me  tense  Technical.  In  f  oriat  ion  G’nter 
ATTN:  Accessions  Division  (12) 

Cameron  Station 
Alexandria,  VA  22304-6145 

Director 

0. S.  Army  Materiel  Systems 
Analysis  Activity 
ATTN:  AMXSV-MP 

Aberdeen  Proving  Ground,  MD  21005-5066 
Commande  r 

Chemical  Research,  Development 
and  Engineering  Center 
ll.  S.  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  SMCCR-MS I 

Aberdeen  Proving  Ground,  MD  21010-5423 
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Commander 

Chemical  Research,  Development 
and  Engineering  Center 
U.S.  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  SMCCR-RSP-A 

AMSMC-QAC  (A) 

AMSMC-QAE  (A) 

AMSMC-QAO  (A) 

Aberdeen  Proving  Ground,  MD  21010-5421 
Di rector 

Ballistic  Research  Laboratory 
ATTN:  AMX8R-0S-ST 

Aberdeen  Proving  Ground,  MD  21005-5066 
Chief 

Benet  Weapons  Laboratory,  CCAC 
Armament  Research,  Development 
and  Engineering  Center 
O.S.  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  SMCAK-CCH-Tf. 

Watervliet,  NY  12184-5000 

Command e r 

D.S.  Army  Arma  n-nt ,  Munitions 
and  Chemical  Command 
ATTN:  SMCAR-’  SP-l 

SMCAR -L".‘1 
SMCArt r 
SMC  AR-l.SW 

Roc--  Island,  It.  n  I  249-6000 
Di  rector 

C.S.  Army  TRAPOC  sy  items 
Analysis  Ac t i v 1 t y 
ATTN:  ATAA-SL 

Whi  te  Sands  Missile  Range,  N'M  8Hi)()2 
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Commander 

II.  S.  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  AMSMC-iJAD 

YMSMC-CAC 
AMSMC-i  M  I 
AMSMC-'lAK 
AMSMC-i  >  A  i. 

AMSMC-OAM 
AMSMC-^AS 
AMSMC-  M-' 

AMSMC-  MW 
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